Abstract: Investigation on polyaryletherketone was carried out to observe ageing effect of gamma radiation for 1 day and 30 days on physico-mechanical and thermal properties such as tensile strength, tensile modulus, flexural modulus, flexural strength, Izod impact strength, elongation at break, glass transition temperature, melting temperature, melting enthalpy, degradation temperature and heat distortion temperature. Radiation doses of 10 kGy, 15 kGy, 20 kGy, 35 kGy and 45 kGy were applied to the sample and compared with non-radiated PAEK sample under study. Results have shown that physico-mechanical properties of PAEK found to be stable after 1 day and 1 month radiation dose upto 45 kGy. Results of DSC, TG and DTA thermograms suggested that different radiation doses produce insignificant variations in glass transition temperature, melting temperature, melting enthalpy and heat distortion temperature.
INTRODUCTION
There are broad industrial application fields of polymers where radiation protection of the polymer is a basic requirement. For example, radiation sterilization dose for surgical instruments, biomedical materials and food packaging is around 25 kGy [1] [2] . Various polymers have been used in devising medical appliances and packaging films but they do fail during sterilization or in their long lasting service in their actual form such as polyethylene, polypropylene, polyethylene terephthalate, polyamide, polystyrene and polyvinyl chloride [3] [4] [5] [6] [7] . Such materials after sterilization undergo unwanted composition changes, degradation in mechanical and physical properties and discoloration which limits their commercialization. But no compromise is acceptable for food and health. Therefore such polymers which undergo migration or leaking must be avoided as a packaging material. Such polymeric materials have been investigated under specific conditions to study their physical, mechanical, chemical and thermal properties to develop better understanding about their application [8] [9] . Various packaging material can be used for e.g. polypropylene-based nanocomposite films [10] , polyolefin polymeric packaging film is produced in which the communicating pores are filled with specific additives in a liquid phase [11] .
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There has been increasing interest in the development and utilization of Polyetheretherketone (PEEK) and Polyaryletherketone (PAEK). These high performance semi crystalline thermoplastics are characterized by arylene rings linked via oxygen bridges of ether group and carbonyl group. These polymers contain a substantial proportion of aromatic structures, which leads to high mechanical properties and thermal stability. The most important application of PEEK is as biomaterial [12] because of its high mechanical strength and non-toxicity. Poly aryl ether ketones are resistant to chemical and in vivo damage and exhibit greater strength as compared to metals. It has high physicomechanical and thermal properties and finds application as packaging material, disposable medical device and implant devices. As compare to PEEK, PAEK is economic and has comparable performance. PAEK has been extensively studied for its structure, morphology, crystallization and also carbon reinforced composites [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] but gamma radiation effect is not reported yet. Therefore, PAEK has been chosen to observe the effect of gamma radiation on its physicomechanical and thermal properties.
The aim of this research paper is to study ageing effect of gamma radiation on the virgin PAEK specimen against radiation dose of 15 kGy, 20 kGy, 25 kGy, 35 kGy and 45 kGy after 1 day and 30 days. Effect of gamma radiation was investigated with respect to thermal properties such as glass transition temperature, melting temperature, melting enthalpy, degradation temperature, heat distortion temperature, crystallinity, HDT, fire retardancy and thermal stability. We are reporting our results upto 45 kGy but we do have sample of PAEK which have undergone treatment with gamma radiation upto 200 kGy and no physical color change was observed in those samples. The present study will open a new vista for PAEK as a cost effective alternative against PEEK in medical devices and also an alternative for the filled polymer composites in food packaging material which needs sterilization prior to use.
EXPERIMENTAL
Polyaryletherketone, grey color, granules form was purchased from Gharda Chemicals Limited, India. The sample was prepared by injection molding. Semi-crystalline polymer, Polyaryletherketone, was exposed to gamma radiation using Gammatom SARC reactor with a 60 Co gamma source, at the dose rate Thermal properties of Polyaryletherketone were studied on DSC SDT 2960 (TA Instrument Co. USA) and differential scanning calorimetry thermograms were taken at 10 °C /min heating rate in temperature range of 50°C to 500 °C in nitrogen atmosphere. Thermo gravimetric (TG) analysis and differential thermal analysis (DTA) were carried out on Thermo gravimetric analyzer (TGA SDT 2960, TA Instrument Co. USA). Investigation was done at heating rate of 10 °C/min in the temperature range of 50°C to 1000°C in nitrogen atmosphere. Heat Distortion Temperature (HDT) is measure of relative service temperature for a polymer when used in load-bearing parts. It was recorded for bending stress at 1.84 MPa by using an HDT/VST Machine. 
RESULTS AND DISCUSSION

Physicomechanical Properties
We have measured Physicomechanical and thermal properties of unirradiated PAEK specimen and its data is mentioned as 0 day or before exposure. Fig. 1(a-e) are depicting results of Izod impact strength, tensile and flexural strength, hardness, elongation at break, flexural and tensile modulii of PAEK sample after 24 hours for different doses of gamma rays viz. 15 kGy, 20 kGy, 25 kGy, 35 kGy and 45 kG.
Result shows that there is no significant variation in the properties. However, tensile and flexural modulii have shown slight increment with the increase in dose. But this increment is by 3% in flexural and by 1% in tensile modulii which is insignificant. Fig. 2(a-e) show the comparison of ageing effect of gamma radiation on physicomechanical properties at 45 kGy. Result of the ageing effect is very interesting and useful that before exposure and exposure after 1 day and 1 month, properties like tensile strength, Flexural strength, Elongation at break, Izod Impact strength and hardness remain significantly invariable. On the other hand, flexural modulii showed improvement with ageing. Though this improvement in flexural modulus after 30 days is by 8% only and insignificant. 
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Thermal Properties
Differential scanning calorimetry measures thermal parametres such as glass transition temperature of the polymer (T g ) and the melting temperature (T m ). DSC curves for PAEK sample are obtained for 0 day i.e. before exposure to gamma radiation, after 1 day exposure and after 30 days exposure. All the thermograms are normalized to the same sample amount, which is 0.5 mg. Results of DSC thermograms are represented as histograms. A representative DSC curve of PAEK irradiated at 15 kGy and studied after 24 hrs. is shown in Fig. 3 . Histograms are shown for thermal parameter versus ageing for different radiation doses, for e.g. T m versus ageing for different radiation doses (15 kGy, 20 kGy, 25 kGy, 35 kGy and 45 kGy). DSC curves show T g as a step in the specific heat capacity, covering a temperature interval of 165-185 ± 2 0 C for both unirradiated and irradiated PAEK sample. A representation of T g against ageing for different radiation doses is shown in Fig.4 . The melting temperature falls in the range of 350-380 0 C and the maxima of peak assigned as melting temperature. The effect of ageing on different irradiation doses on T m is shown in Fig.5 . The melting enthalpy of PAEK is calculated by integration of the area under the peak of melting temperature in the DSC curve. Fig.6 is depicting effect of ageing and radiation dose on melting enthalpy of PAEK samples. This value is usually correlated with the polymer's crystalline fraction (χ) which can be calculated by using the relations χ = H o /H c , where, H o is the observed melting enthalpy and H c is the melting enthalpy of a completely crystalline polymer, equal to 130 J/g for PAEK [28] [29] .
Accordingly, the crystalline fraction of all samples is calculated and shown in Table 1 . TG analysis shows that there is no appreciable decomposition in the temperature range up to 400 0 C, for all unirradiated and irradiated PAEK samples (Table 2) . Thereafter, maximum decomposition of 63±2 % is observed at degradation temperature ( sample of 30 days at 25 kGy shows only one broader and small exothermic peak at 580 0 C as shown in Fig.7 . After maximum decomposition up to 63%, all PAEK samples irrespective of radiation dose and its ageing, form plateau and undergo slow degradation. From Fig.4 , we observed that the effect of radiation dose after 1 day shows slight up and down as it increases for 25 kGy and decrease for 20 and 35 kGy. At the same time, radiation dose for 30 days shows shifting towards lower temperature with higher radiation dose. Study shows that T g is not varying significantly with the radiation dose. Fig.5 shows that T m is constant upon irradiation. Fig.5 shows that gamma radiation imparts trivial amount of energy to PAEK sample (due to its structure) therby slim increase in melting enthalpy with the radiation dose is obeserved. On ageing, there is decrease in value by 3-5 0 C. Table 1 suggets the crystalline fraction of the polymer. We found that crystalline fraction is increasing with the irradiation and is maximum for 25 and 45 kGy after 30 days followed by value of 20 kGy after 1 day. These all above results suggests that in all the cases PAEK samples irradiated after 30 days showed an abrupt increase in respective values. This may be due to the fact that gamma radiation is imparting energy to the polymer which may be used up in ordering of the polymer chians. Consequently, affects mobility of polymeric chain which affects T g , affects crystalline fraction of the polymer which influence T m , impart energy to intramolecular collisions which directly concerns melting enthalpy. Although varaitions are observed, these are insignificant as they vary by 2-10 units only. Gamma radiation did not affect the thermal stability of non-irradiated and irradiated PAEK samples. They show similar pattern of thermal decomposition for all PAEK samples irrespective of their radiation dose. Therefore, effect of radiation dose upto 45kGy is not significant on PAEK samples. As shown in Fig. 6 , the observance of endotherm confirms bond formation, it is due to crosslinking or chain branch formation. Presence of exotherm reveals bond dissociation. Therefore, simultaneous bond formation and dissociation does not affect the thermal stability of PAEK samples [30] [31] . Heat distortion temperature of unreinforced PAEK sample is higher as compare to other unreinforced polymers [32] . HDT for irradiated PAEK samples show 169±2 0 C as shown in Table 3 . Further, flammability test showed no change in the value of V 0 with respect to the amount of gamma radiation and age. Therefore, gamma irradiation does not affect the fire inhibition tendency of the PAEK samples even after 30 days of irradiation.
CONCLUSION
On the basis of the above study and results obtained, it can be concluded that the ageing effect of gamma irradiation on physicomechanical and thermal properties of PAEK remain stable upto 45kGY and upto age of 30 days of irradiation. The slight variance (<9%) is observed in degradation temperature and flexural modulus but these variations are insignificant. The overall effect on physicomechanical and thermal properties of PAEK during irradiation upto 45 kGy PAEK owe to simultaneous crosslinking and chain scission.
The above study shows that PAEK is well suited for the application of food packaging material, medical devices, implants and surgical instruments where gamma rays sterilization is required to be experienced up to 45 kGy. Further, we are also endeavoring to explore properties of PAEK at higher radiation doses. It further opens new vista for its application in aerospace, aircrafts, automobile industry, hospital goods and oil & gas industries. Due to higher HDT, PAEK samples are suitable to be used in product fabrication and can tailor the need of materialists. Fire tests also revealed their stability towards fire and hence are 'fire safe polymers'.
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